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Abstract
As coastal environments become more susceptible to land loss through accelerating sea
level rise and subsidence, new restoration methods harnessing borrowed sediment are more
valuable than ever. Mud-capped dredge pits (MCDPs) are a relatively new source of restorationquality sediment that has only recently been utilized for beach and barrier island restorations in
Louisiana. Because MCDPs have been in use for less than two decades in only a handful sites,
little is understood about their evolution over decadal timescales. To improve our understanding
of MCDPs after they are dredged, we have conducted a suite of geophysical surveys including
bathymetry, sidescan sonar, CHIRP subbottom profilers, and magnetometry to monitor Peveto
Channel dredge pit, the only infilled dredge pit to date offshore of Holly Beach, Louisiana.
Using newly collected and historical data, we are able to better evaluate key components
of dredge pit evolution, such as infilling rate and pit margin erosion. Traditional models
overestimate the rate at which sediment is deposited into the dredged pit. Additionally, due to the
muddy overburden surrounding MCDPs, the pit walls are fairly stable over time, indicating that
the walls experience little lateral movement over time. Using new results and knowledge gained
from this study, we can better understand how to utilize MCDPs in the future, and better evaluate
the current management of offshore sand resources and the regulations regarding setback buffer
zones for pipelines and oil infrastructure.

viii

Chapter 1: Introduction
1.1 Background: Coastal landmasses are continually at risk from submergence due to
subsidence of land, inundation from weather events such as floods and hurricanes, and natural
reworking by ever-present forces such as tides and currents. Penland et al. (1988) outlined the
cycle by which coastal regions grow and then consequently decline as sediment supplies from
riverine sources relocate spatially and temporally. While this cycle occurs naturally, the loss of
coastal areas, particularly sandy environments such as beaches and barrier islands, is set to
accelerate due to rapidly rising sea levels as well as decreases in riverine sediment supplies
(Blum and Roberts, 2009).
Louisiana is one particular area which is very susceptible to the loss of coastal areas. One
often cited figure states that Louisiana loses an average of 1 football-field of land every hour.
While this is a time averaged rate of landloss since the 1930s, it is still considerable since
landloss in Louisiana accounts for 90% of total coastal erosion in the United States (Barras,
2009).
Erosion in beach environments can be remedied via the use of hard structures such as
jetties and groins. However, these structures can also redistribute sediment downdrift and alter
the natural shoreline (Dean, 2002). An alternative method is the use of soft stabilization, which
usually involves transporting restoration quality material from an allogenic environment such as
a submerged sand bar, or an ebb tidal delta (Park et al., 2009). The environment of the sediment
source is important, as material used must be at least as coarse as the beach being nourished for
the project to be successful (Dean and Yoo, 1992); fine sediment will be lost very quickly after
deposition during construction.
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This is where Mud Capped Dredge Pits (MCDPs) come into play. MCDPs are a
relatively novel source of restoration quality sediment that have been utilized since the early
2000’s. Sand is deposited during sea level lowstands, when river channels cut across the
continental shelf and carve out paleochannels that then fill with coarse sediment deposits. As sea
levels rise, the continental shelf is submerged and the paleochannels are covered with a muddy
overburden, hence the term “mud capped”. This is what distinguishes MCDPs from traditional
Sandy Dredge Pits (SPs), in which the sand is exposed at the seafloor (Van Rijn et al., 2005). SPs
are usually former barrier island or sandy shoals. One of the main advantages of MCDPs over
typical dredge sites such as sand bars is that they are often located near the areas they are being
used to restore. This proximity to the restoration site greatly cuts down on the cost it takes move
the sediment from the dredge site to the restoration area. In the state of Louisiana, where the
estimated cost of restoration efforts is over $100 Billion over 50 years, saving money anywhere
possible is an important goal to strive for (Davis et al., 2015).
Despite the benefits of using MCDPs over more traditional dredge resources, they are not
well studied and little is known about their morphological evolution over time. Dredging in
offshore areas has the potential to impact oil infrastructure such as pipelines and oil rig
emplacements, as it is known that SPs are prone to significant wall collapses after dredging,
forcing the walls of the pit to migrate laterally away from the pit center (Nairn, 2005). The
infilling of pits after dredging is also difficult to predict as it is tied to pre-existing sediment
supply, oceanographic and meteorological conditions, and proximity to sediment sources. These
conditions make it difficult to make accurate infilling predictions. As such, dredge pits require
regular monitoring to observe the infilling rate over time. In addition to the morphological
aspects, very little is known regarding how pits affect benthic organisms and the ecology therein.
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However, as the subject of this study is merely the geological and morphological evolution of
dredge pits and the possible impacts caused by it, the ecological aspects will not be discussed.
Of the few MCDPs that have been dug in Louisiana, one has been totally filled in, and it
is located offshore of Peveto Channel, south of Lake Calcasieu (Fig. 1.1). Peveto Channel dredge
pit (PC) was dug in 2003 and the sand was used for beach restoration projects at nearby Holly
Beach, LA (Fig. 1.2). Several bathymetric surveys were performed from 2003 to 2007, providing
a plethora of data on the early to mid-stages of morphological change (more information can be
found in Appendix section A.2). This abundance of time lapse data can be used to better evaluate
models of pit evolution and assess applicable regulations.

Figure 1.1: The study site, offshore of Holly Beach, LA. The sand from this site was used for restoration of Holly
Beach. The dredge pit is located at the red diamond. Isobaths are contour lines with 1 m intervals.
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Figure 1.2: Beach restoration images from Holly Beach, LA. The sediment used to perform this restoration came
from the study site at PC dredge pit. Breakwaters are ~60m in length. Photos courtesy of Rob Nairn.

1.2 Late Quaternary Stratigraphic Setting: To better understand the physical structure
of MCDPs, it is necessary to examine how they were formed thousands of years ago during the
last sea level lowstand. The last lowstand occurred following the Sangamon Highstand of the late
Wisconsinan glacial stage, approximately 18,000 B.P. Sea level during this time was
approximately 110 m to 120 m below modern sea level (Chappell and Shackleton, 1986; Suter et
al., 1987; Fairbanks, 1989; Stright, 1990). From the time of the Sangamon to the Wisconsinan,
the curves indicate a regular drop of sea level, matching global falling sea level trends at the
time, interspersed with small-amplitude highstands. Deltaic systems adjusted accordingly during
this time and extended seaward onto the current-day continental shelf, incising braided fluvial
channels as they went. The exposed shelf surface resulted in the Wisconsin unconformity, a
weathered and oxidized surface that is still present in the substratum. The channels carved into
the unconformity by rivers possess some of the coarsest material present in the Louisiana coastal
region since the late Wisconsin (Kuecher, 1994). During the early Holocene, for instance, the
4

Calcasieu River met with the Sabine River valley complex, which cut an incised channel and in
turn merged with the larger Trinity River valley complex 40 km offshore from the current
Bolivar Peninsula (Simms et al., 2004). Extensive surveys in the ancient Trinity River valley on
the continental shelf reveal 8 m of quartz rich sandy material overlain by 20 m of fine marine
sediment (Thomas and Anderson, 1994). As lowstand reversed and sea levels began to rise
(18,000-12,000 years B.P.), braided fluvial systems transitioned to meandering systems.
Estuarine and marsh environments matured in the former channels, leaving behind a record of
organic rich sediment over coarse sandy material (Coleman et al., 1983). As transgressive
deposition patterns emerged, sediment from riverine sources could now be resourced and
distributed in a lateral pattern, contributing to deposition on the Chenier Plain and continental
shelf, creating the sites of paleo river channels covered by muddy overburdens.
1.3 Chenier Plain Environment: PC lies on the western continental shelf of Louisiana,
far from any significant local sediment sources such as the Atchafalaya or Mississippi River
deltaic systems. This location stretches to the westernmost edge of the Louisiana Chenier Plain,
an environment that is characterized by its flat surface and fine-grained sediment, devoid of local
sand bodies such as ebb-tidal deltas. Since the Chenier Plain is dominated by fine sediment,
restoration quality material must be either brought in from an outside source, or found from relict
sediment deposits. The study of Quaternary deposition patterns are what initially revealed the
paleochannels which were recognized as potentially useful sand-bodies (Suter, 1986). However,
since other MCDPs have been closer to the Mississippi River deltaic system, they are not
separated spatially from a nearby sediment source, which greatly alters the sedimentary
processes governing infill, as well as the environment in which the pits reside.
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Chenier Plains are composed of long, flat expanses of shoreline that are subdivided into
alternating shore-parallel sandy/shelly coarse ridges, and estuarine and marsh environments
dominated by fine sediment (Penland and Suter, 1989). While some focus has been directed
towards the eastern Chenier Plain of Louisiana, the western edge of the present day Chenier has
not been well studied. The eastern Chenier receives an estimated 2-7% of the fine grained load of
the Atchafalaya river system (Draut et al., 2005b). In this case, Draut et al. refer to the “eastern
Chenier as extending from Vermilion Bay to White Lake, LA”. Since the western plain extends
100 km away from White Lake towards the Texas-Louisiana border, this is most likely an
overestimate of riverine sediment transported to and deposited near the PC dredge pit. While it is
traditionally thought that most of the active sedimentation occurring on the Chenier occurs
during quiescent periods, much of the material deposited is derived from resuspended shelf
sediment that is transported during energetic weather events, namely cold fronts and tropical
storms (Allison et al., 2005; Draut et al., 2005b; Kineke et al., 2006).
Until the past half century, the Chenier Plain was receding due to lack of sediment
supply. However, as the flow from the Mississippi River shifted towards the Atchafalaya and
Wax-Lake Outlet, the region has witnessed progradation and the formation of a subaqueous delta
outside of the mouth of Vermilion Bay in recent years (Allison et al., 2002; Allison et al., 2005;
Roberts et al., 2002; Wells and Kemp, 1981). The main mechanism which drives the transport of
sediment across the Inner Continental Shelf along the Chenier Plain is fluid mud flows
(Denommee et al., 2016; Denommee et al., 2017; Traykovski et al., 2015; Jaramillo et al., 2009;
Sheremet et al., 2011). These flows are triggered mainly by the passage of weather events, most
frequently cold-fronts, and tropical cyclones with less frequency (Rotondo and Bentley, 2003;
Neill and Allison, 2005; Safak et al., 2010; Xu et al., 2011; Kineke et al., 2016). These events
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produce increased wave action, which works at resuspending the surficial sediment deposits,
causing them to liquefy and become unconsolidated (Sheremet et al., 2011). This creates fluid
mud bodies which are then susceptible to reworking and transportation from further wave action,
currents, and gravity, even on low gradient shelf environments (Denommee et al., 2016). These
mechanisms are responsible for significant sediment transport, allowing the Chenier Plain to
prograde despite not being in direct contact with a riverine source of sediment (Wells and Kemp,
1981).
The Louisiana Chenier Plain is a remnant of previous, more westerly delta lobes in the
Mississippi River complex (Frazier, 1967). As they are no longer near the active delta lobe, they
are the recipients of much less sediment, yet still experience a smaller degree of progradation due
to input from the Atchafalaya and Wax Lake Deltas (Draut et al., 2005; Roberts, 1997). Other
MCDPs in Louisiana are located more proximally to the Mississippi River Balize delta lobe
(Roberts, 1997). This provides them with a much more plentiful source of sediment, which has
an effect on the rate of infilling, meanwhile PC dredge pit seems to be located in an area that
does not receive as much river-borne sediment.
1.4 Motivations and Scientific Questions: Dredge pits have the potential to play a very
positive impact on restoration efforts in Louisiana. If evaluation of their usefulness turns out to
be positive, they could have key importance in restoration projects listed in the Coastal
Protection and Restoration Authority’s Master Plan (CPRA, 2017), which employs various
dredging initiatives. This project fits within these overall goals by attempting to fill in the
knowledge gap of dredge pit infilling, evolution, and the evaluation of buffer zone policies,
which ensure that pit wall collapses will not impact any nearby infrastructure. Many regions in
Louisiana such as Holly Beach suffer the same risk of land loss but are also far from any
7

significant fluvial sediment sources, so MCDPs would present a way to overcome this limitation
with significant cost reduction. MCDPs also present a viable resource for the rest of LA outside
of the Chenier Plain because paleo river channels are widely distributed in Louisiana coast.
The main questions examined in this study are as follows: 1. How long and at what rate
does PC dredge pit fill in with sediment? 2. Do the pit walls of dredge pits migrate over time,
and if so, to what extent? 3. What type of material is filling in the pit? 4. How long does the pit
take to return to an equilibrium status with the seafloor? Several hypotheses can be formed at this
stage for this study. Firstly, PC dredge pit will infill at rates according to the models built by
Nairn et al. (Nairn et al., 2005). Secondly, the pit walls will experience migration rates similar to
those observed in SPs at other locations (Ribberink, 2005). Thirdly, the pit will fill in with fine
material, since this is the most likely available sources from the Mississippi and Atchafalaya
systems, as well as resuspended sediment from the continental shelf. Lastly, the pit site will
return to its equilibrium state after complete infilling.
All of these questions will help to determine whether or not there is any viability in the
future evolution of MCDPs. Discovering the answers will allow us to focus our efforts and
increase effectiveness of projects by best utilizing the tools available to us in future coastal
restoration efforts.
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Chapter 2: Methods
A total of four types of geophysical methods were used to measure seafloor morphology,
topography, and sediment characteristics at Peveto Channel: sidescan sonar imaging, CHIRP
subbottom profiles, interferometric swath bathymetry, and magnetometer. All types of
geophysical data were collected simultaneously in July 2016 using R/V Coastal Profiler of the
Coastal Studies Institute of Louisiana State University. Due to the construction of an oil pipeline
through the middle of the study area in November 5, 2008, an executive decision was made to
refrain from collecting core samples or geotechnical data at Peveto Channel.
2.1 Geophysical and Survey Methods
Sidescan Sonar: Sidescan Sonar (SSS) measures the intensity of backscattered acoustic
energy from the seafloor. It is analogous to shining a flashlight in a dark room; the light will
shine on whatever is in its path, and a shadow will be cast by anything blocking the flashlight.
Sidescan sonar is like an “acoustic flashlight” projected perpendicular to the track of the vessel
(Roberts et al., 1999). Once transmitted, the sound is reflected off of a substrate (e.g., seafloor)
and the strength of the reflected soundwave is measured. Generally, finer sediments absorb the
soundwave of energy, making the return signal lower in intensity, while sandier sediments have a
more intense return. Unconsolidated sediments also have a weaker return signal, as the void
space tends to impede the travel of the acoustic signal (Allen et al., 2006, Clarke et al., 2004,
Freeman, 2010). Sidescan data can be used to create an along track “acoustic image” of the
seafloor, and multiple images can be stitched together to form a mosaic. The produced images
can then be used to infer the sedimentary properties of the seabed surface (e.g. grain size, relative
consolidation) and can also provide information on recent morphological changes.
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In most cases groundtruthing would be used to confirm the sedimentary environment
(Allen et al., 2005; Roberts et al., 1999), but geotechnical data (cores, dredge samples) was
unavailable for this study. Thus we relied on assumptions about the sedimentary environment of
the Chenier Plain, observations from other MCDPs dredge pits, inferences from the other types
of geophysical data collected, and previous studies to corroborate our hypotheses. This study
utilized an Edgetech (ET) 4600 for sidescan data collection. Data were processed using Caris
SIPS and SonarWiz to a horizontal resolution of 1m.
Interferometric Bathymetry: Interferometric swath bathymetry, or phase discriminating
bathymetric sonar (PDBS), is used to measure the depth of the seafloor. Interferometric sonars
are preferable to multibeam echo sounders (MBES) in shallower water conditions such as those
encountered at PC. In the past, MBES were the only viable option for mapping despite their
shortcomings in areas <10m water depth, but recent advances in PDBS have made them
comparable to MBES systems (Gostnell, 2005). The reason they perform better in shallow water
is due to the much wider swath width and angle and higher count of soundings compared to
MBES. Interferometric sonar relies on the phase of a returning wave form to determine the angle
of the wave returned by a target (Saracin and Alexandru, 2013). The angle between the return ray
and the transducer is measured and the distance to the target is calculated via two way travel
time. Bathymetry information provided by interferometric sonar can be used to map the elevation
of the seafloor relative to a vertical datum, and from this the bathymetry can be measured. Since
we have access to older single beam surveys conducted at PC in multiple years, we can construct
a timeline of the morphological changes at PC from pre-construction in 2003 to 2016.
An ET4600 was used to collect bathymetry data, since it is a combined
bathymetry/sidescan device and can collect both simultaneously. A Ship Motion Control Inertial
10

Measurement Unit (IMU) was used to collect pitch, roll, and yaw data. Historical data were
collected in 2003, 2004, 2006 and 2007 and their spatial coverages are in Fig. A.3. Some details
of these surveys can be found in Table A.1.
CHIRP Subbottom Profiler: High resolution CHIRP (compressed high-intensity radar
pulse) subbottom profiles were collected during the PC survey. CHIRP sonar is a wideband
frequency modulated subbottom profiler (Leblanc et al., 1992). CHIRP systems are capable of
remotely determining the acoustic attenuation of sediment layers, which can be used for
stratigraphic interpretation (Roberts et al., 1999). It was used in the PC environment because
although it has lower penetration than other types of subbottom imaging systems, such as
airguns, it has much higher resolution of the shallow subsurface, and this was the environment
most relevant to the study. CHIRP was included in the study mainly for its ability to study
shallow subsurface sediment types, and for its usefulness in improving the interpretation of SSS
data (Freeman, 2010; Roberts, 1999, 2010).
As with SSS, groundtruthing was not available, so we relied on other geophysical
datasets, previous subbottom surveys conducted in the area, and literature to infer sedimentary
properties.
ET0512i and ET2000 systems were used simultaneously for collection of subbottom
profiles. The ET0512i was run at a lower frequency (0.5-4.5kHz) and produced images with a
deep penetration depth of 50 m, while the ET2000 used a higher frequency (2-15kHz), producing
higher resolution with a shallow penetration depth of ~15m.
Magnetometer: A Geometrics G882 Magnetometer was included to provide magnetic
data of the survey area. Magnetometers are passive instruments which detect variations in the
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earth’s magnetic field caused by ferrous or magnetic objects (Allen, 2005). It was used mainly
for the mapping of a pipeline constructed through the survey area. Magnetometry results can be
found in Appendix section A.1.
Survey Setup: Data acquisition was performed aboard the R/V Coastal Profiler, a 41 ft.
Lafitte skiff. The bathymetry and sidescan acquisition device (ET4600) was pole-mounted and
fixed from a bowsprit ahead of the vessel to mitigate vessel related noise (Fig. 2.1). Sub-bottom
profilers were towed off of the port (ET512) and starboard (ET2000) sides of the vessel about
0.5 m below the water surface around mid-vessel to minimize variations in pitch and roll
(Freeman, 2010). The magnetometer was moored to the stern of the vessel and towed ~22.5 m
behind the vessel to minimize interference from any metallic objects onboard.

Figure 2.1: Edgetech 4600 mounted on bowsprit of the survey vessel, R/V Coastal Profiler. Photo courtesy
of Samuel Bentley.

Geopositioning: Hourly tidal data were collected from tidesandcurrents.noaa.gov at
Tidal Station 8768094 located in Calcasieu Pass, LA and used for tidal corrections. A
Hemisphere Vector VS330 differential GPS unit was used for geopositioning. The horizontal and
vertical accuracy of the system are 0.3m and 0.6m, respectively.

12

Historical Surveys: A total of 7 surveys were conducted prior to the 2016 survey: 3 full
coverage surveys in 2003 (predredge, post stripping, and postdredging), 2 in 2004 (partial survey
in May, full coverage survey in December), a full coverage survey in 2006, and a partial
coverage survey in 2007. These surveys were all conducted with single beam echosounders and
the data were exported into ArcMap, where it was interpolated using the Inverse Differential
Weighting (IDW) method, with varying Digital Elevation Model (DEM) resolutions ranging
from 2m2-3m2 depending on the survey line spacing. Information on the selection of resolutions
for each map is in Appendix section A.3 (Fig. A.4).
2.2 Data Processing and Uncertainty Quantification: Bathymetric data were cleaned
and processed using Caris HIPS and SIPS (Hydrographic and Sonar Image Processing Software)
v9.0. Sidescan Mosaics were also constructed in HIPS and SIPS. Upon initial cleaning, patch
testing, and filtering, bathymetric data were exported to ESRI ArcMap 10.2 for further
quantification, including DEMs, Difference of Depth maps (DoDs), and Gradient maps. All
maps for the 2016 data were gridded to 1m2 resolution. Volume calculations were made using
the Cut/Fill tool in ArcMap. Sidescan data were also analyzed in ArcMap. Uncertainty for DEMs
and DODs was calculated using the fixed-point method of Schimel et al. (2015), and slope
uncertainty was calculated using the method of Tang et al. (2003). Roughness calculations were
made using the DEM Surface Tools downloadable toolbox (DEM Surface Tools; Jenness, 2013)
following the method of Arc-Chord Ratio (Du Preez, 2015).
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Chapter 3: Results
3.1 Bathymetric Data: A time lapse of bathymetric datasets is shown in Fig. 3.1.
Ambient seafloor depth around the pit is approximately 8 m. Immediately after dredging in 2003,
the maximum pit depth reaches 19 m in the deepest areas. In 2004, pit depths reach ~13-14 m,
while in 2006 the pit depth has been reduced to ~11m. In 2016 PC dredge pit has been totally
filled in with sediment. However, bathymetric imaging indicates that there is slight positive
relief, signifying that the pit has actually gained volume, which is also corroborated by
volumetric calculations (shown in Fig 3.1D). The positive relief is evident in a large raised area
in the northern half of the pit, which resembles a large peninsula which extends from the area
where the pit wall once existed and out into the main area of the dredge pit. In addition to the
prominent raised feature, the southern half of the pit is covered by pockmarked features that look
like small hills which are ~1 m in height, and their occurrence is fairly frequent in this area of the
filled dredge pit.
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The NW corner of the pit contains a dredge spoil, characterized by a small mound of
positive relief, which is the shallowest feature in all of the DEMs. It is illustrated as red in Figs.
3.1A-D. The dredge spoil can be shown migrating laterally to the west and decreasing in depth,
as it is washed away by the prevailing longshore current.

Figure 3.1: Bathymetric maps of Peveto Channel from 2003, 2004, 2006, and 2016 (A, B, C, and D, respectively).
Transects in 3.1Acorrespond to depth profiles in Figure3.2 Warmer colors are shallower depths and cooler colors
indicate deeper areas. Transects A-A’ and B-B’ correspond to Figure 3.2.
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Figure 3.2: Depth profiles at Peveto Channel Dredge Pit. Transects A-A’ and B-B’ are shown in Figure 3.1A.
Profiles include 2003 before dredging, after preliminary stripping, and all subsequent surveys after dredging.
Positive relief above the original pit surface can be seen on the 2016 profiles.

Depth profiles are shown in Fig. 3.2. These longitudinal and latitudinal profiles include
all surveys taken from 2003-2016 and illustrate the full time lapse of pit infilling. Partial
coverage surveys were included as they include transects over the middle of the pit. The positive
relief features are present in the 2016 transects (Fig. 3.2B). The pit floor is uneven and lumpy
immediately after dredging, and there are small “islands” which are present as well in the 2004
surveys (Fig. 3.2B), albeit at a lower depth. This would indicate that over time, these features are
reworked by oceanographic processes to equilibrate with the infilling floor, meeting the rising pit
floor somewhere along the way as it fills in with sediment.

3.2 Gradient: The results show that slope of the pit wall decreases over time (Fig. 3.3).
After initial dredging, the maximum slope around the pit wall was 40° in some locations. In
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2004, the maximum slope around the pit was ~20°, and in 2006 the slope was ~10°. Although in
2016 the pit is completely filled, there are still sloping features evident in what was once the pit
area, which are caused by the pockmarked and uneven surface. As the magnitude of slope is not
directly tied to the magnitude of elevation, these features are present even though the small
mounds have relief of only approximately 1m.
Profiles of slope along transects (similar to depth profiles) illustrate the gradual decrease
in slope over time within a spatial area (Fig. 3.4). Figs. 3.4A and 3.4B illustrate how the slope
gradually decreases as the walls smooth out and the pit fills in over time. The pit wall margins in
this study are defined as areas where the wall begins, as indicated by a rapid increase in slope
from flat to steep areas. Pit margins migrate laterally away from the area of peak slope, which is
evidence of the walls widening and flattening out with time.
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Figure 3.3: Map of slope evolution at Peveto Channel. A, B, C, and D correspond to 2003, 2004, 2006, and 2016,
respectively. Green colors are flat surfaces, while orange and yellow colors indicate sloped surfaces. Note the rough
outline of a “horseshoe” in figure 3.3D in the pit area. Figure 3.3A includes transects C-C’ and D-D’, which are used
for slope comparisons in Figure 3.4.
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Figure 3.4: Slope changes over time. 3.4A and 3.4B correspond to C-C’ and D-D’ shown in figure 3.3A. In general,
there is a decrease in maximum slope over time as the pit fills in and levels out.

3.3 Depth Change: Difference of Depth (DoD) maps were created by subtracting one
surface from another to create a time lapse of depth change between two surveys (Fig. 3.5). Light
yellow values in the figure indicate a statistically “no change” area where the depth change is
within two times of standard deviations. Uncertainty was calculated using a fixed-reference point
(Schimel et al., 2015). Table 3.1 contains the uncertainty values of each DOD. Fig. 3.5A
illustrates the initial dredging, wherein the depth of the construction area was increased by ~11 m
at its deepest point. Between 2003 and 2004 (Fig 3.5B), the pit begins to shoal as sediment is
deposited, with deeper areas receiving thicker sediment, as indicated by the dark blue in these
regions. For each DoD afterwards, the pit fills in approximately the same amount despite longer
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survey intervals, indicating that when time goes by, the rate at which sediment fills the pit
decreases, which is corroborated by Nairn’s infilling model (Nairn et al., 2005).

Figure 3.5: DoD (difference of depth) maps which display depth changes at Peveto Channel. Red values indicate
deepening, while blue values indicate shoaling. Light yellow values indicate no change and are within the
uncertainty values for each DEM contained in Table 1.
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Table 3.1: Statistics for reference areas of each DoD map, used to calculate uncertainty of each DoD. Uncertainty
was calculated using the “fixed reference point” method of Schimel et al. (2015). Values of 2σ (2 standard
deviations) were used as the uncertainty range (i.e. 95% confidence interval).

Timelapse

Minimum
Change (m)

Maximum
Change (m)

Standard
Deviation (m)

-0.50
-0.80
-0.48
-0.83
-1.04

0.75
0.49
0.69
0.62
0.69

0.00
-0.03
0.03
-0.23
-0.22

Pre-Postdrege
Postdredge-2004
2004-2006
2006-2016
Pre-2016

Mean Change Uncertainty (95%
(m)
CI) (m)
0.09
0.10
0.11
0.16
0.20

±0.18
±0.20
±0.22
±0.32
±0.40

Average vertical accretion rates calculated from the DoD maps were as follows: 20032004 with deposition of 2.14m/yr; 2004-2006 with deposition of 2.02m/yr; 2006-2016 with
deposition of 0.33m/yr.
These values translate to rates of 0.59cm/day from 2003-2004, 0.56cm/day from 20042006, and 0.09cm/day form 2006-2016. Uncertainty values are listed in Table 3.1.

3.4 Sidescan: Sidescan sonar data reveal that there is varying backscatter intensity within
the survey area that correlates to a difference in surficial materials (Fig. 3.6). Dredge spoil areas
have a relatively high backscatter intensity, possibly due to the coarser grain size, as evidenced
during diving operations which occurred during previous surveys (Nairn et al., 2007). Within the
area of the dredge pit, the backscatter intensity is much lower. This is surprising considering that
infilling has completed yet the dredge construction area is still visible utilizing sidescan data.
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Despite this, it is possible that the sediment is not yet consolidated and has yet to reach
equilibrium with the ambient seafloor surrounding the pit, which would result in more signal
being absorbed by newly deposited sediment. Another reason for the lower intensity in the pit
could be gaseously charged sediments due to higher organic content in the pit.
Sedimentary environments can be classified based upon the reflectance patterns
observed: 1. Dredge spoils, characterized by uniform high intensity, 2. Ambient seafloor,
characterized by an intermediate range of intensities and moderate variation due to uneven
surfaces or markings from trawling boats, and 3. Interior dredge pit, which is characterized by
low reflectivity and a general conformance to the dredging construction area. Each of these
regions was grouped into high, medium, and low intensity bins which were statistically sampled
to quantify the differences between the sedimentary environments. The average values of these
three areas is displayed in Fig. 3.7. Information on the sampling method used for Fig. 3.7 can be
found in Appendix section A.4.
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Figure 3.6: 2016 sidescan sonar mosaic of Peveto Channel. Brighter colors indicate high backscatter, while darker
colors indicate lower backscatter. A total of three sedimentary environments are present: dredge spoils (bright
areas), ambient seafloor (intermediate areas), and the dredged area (dark values within pit area). Each of these areas
was sampled to determine the average backscatter value of each environment in Figure 3.7. Possible trawling marks
can be seen on the seafloor.
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Figure 3.7: Average backscatter intensity values of 3 sedimentary environments from the 2016 PC sidescan sonar
mosaic. Dredge spoils have the highest average intensity, most likely due to the fact that they are composed of
coarser material. The dredge pit area has the lowest backscatter intensity, probably due to either a combination of
finer grained infilling material, lower consolidation, or gaseous material contained within the sediment, or a
combination of all. Each environment was sampled using twenty 25 m2 grids, totaling 500m2 of sampled area for
each reflective environment. Details of the calculations can be found in Fig. A.6 in appendix.

3.5 CHIRP Subbottom Profiles: Acoustic profiles of the survey area reveal multiple
layers in stratigraphy. The most prominent features are the remnants of buried paleovalleys in the
surrounding area outside of the former dredge pit. Within the pit area, there is a wide acoustically
opaque sediment filling the pit. This acoustically opaque material fills the entirety of the pit up to
depths where multiples begin to occur, indicating that they are very disruptive to the return

24

signal. This phenomenon is likely caused by either unconsolidated sediment or gaseous charges
within the pit. This can be seen in Fig. 3.8.

Figure 3.8: Seismic profile of transect S-S’, located in the northern quadrant of PC. The acoustically opaque
sediment package extends until depths when multiples occur. Remnants of paleochannels are scattered across the
survey area, evidence of the vast river network that once cut across this area.

3.6 Volumetric Changes: Based upon cut/fill analysis, PC has filled in completely with
new sediment since dredging. Infilling rate decreases with time, as predicted by previous models
(Fig. 3.9). This is most likely due to decreasing accommodation space, as well as increased scour
on the surface of the pit as it reaches seafloor depths, resuspending sediment and transporting it
elsewhere (Obelcz, 2017). Fig. 3.9 also compares the observed volumetric changes with the 1dimensional model created to predict infilling at PC (Nairn, 2005). This comparison shows an
overestimate of the modeled infilling rate. Table 3.2 lists volume changes between complete
coverage surveys.
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Figure 3.9: This graph illustrates Peveto Channel infilling over time based on volumetric calculations and compares
it to Nairn’s model. Volumetric calculations were made using the Cut-Fill tool in ArcMap. Nairn’s 1-dimensional
model overestimates the infilling rate when compared to observed data. PC has not only been filled in completely,
but has also gained volume compared to the predredge surface. Uncertainty of volume calculations is contained
within Table 3.2.

Table 3.2: Volumetric changes at Peveto Channel, as well as percent infill. 100% was designated as the amount of
volume removed during initial dredging. Uncertainty was calculated using the fixed reference point method from
Schimel et al. (2015). Standard deviation of each cut-fill volume was calculated and then multiplied by the raster
area to calculate uncertainty.

Infilling Rate

Uncertainty ±

(m )

3

(m /yr)

(m )

-2,059,481

N/A

42,496

0

Postdredge-2004

766,318

418,753

107,357

37

2004-2006

565,980

377,320

214,201

65

2006-2016

808,161

80,816

121,161

104

Net Change

80,979

80,979

70,716

104

Raster Title

Pre-Postdrege

Volume Change
3
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3

Percent Infill (%)

Chapter 4: Discussion
4.1 Infilling and Comparison with Models: Bathymetric data show that PC has
completely filled in 2016. The 2016 survey data serve as an endmember in estimating infilling
time, as it is the last observation made on the study area. This indicates that the time from
dredging to final survey, 13 years, stands as the maximum amount of time that could have been
taken to fill up PC dredge pit. No surveys were performed between 2007-2016 and thus there are
no data on pit infilling during this time. Thus, infilling rate must be inferred using a numeric
model. The trend line shown in Fig. 3.9 shows that the amount of infill material decreases with
time, most likely as accommodation space decreases due to the depth of the pit decreasing.
Models made to estimate PC infilling (Nairn et al., 2005; Lu and Nairn, 2011) predicted that
some of the infilling sediment would be sourced from the pit walls as they collapsed due to
instability, yet as slope data show (discussed later in this section), the walls of the pit move very
little laterally over time. The amount of autogenic material (e.g., from pit wall collapse) filling
the pit is very small, with PC acting mainly as a sink for external sediment sources such as
resuspended continental shelf material, and other fluvial sediment.
The infilling models created by Nairn (2005, 2011) (Equation 4.1) over predicted infilling
at PC when compared to observed volumetric data (Fig. 3.9). Infilling predictions from Nairn’s
models consistently estimate model infilling at a rate of 10-15% higher than observed infilling
based on volume calculations. One reason for this overprediction may be due to the lack of a
consolidation coefficient in the model equation. As sediment is deposited, it goes through
different processes such as hindered settling and self-weight consolidation. Over time, a
sediment packet will decrease in porosity and height, while increasing in density (Lo et al.,
2014); the Nairn model does not take this decrease in height into account, despite continued
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infilling. So even while the sediment is being deposited, older packets are simultaneously
descending as consolidation processes take place. Another possible reason is that the model is 1dimensional, and only measure distance from the pit floor to ambient seabed depth as a marker
for pit infilling, making the estimate elevation-based (thus assuming the pit has one depth value
throughout), while volumetric analysis is based on three dimensions (surface area and time),
making it spatially variable and thus a more accurate representation of change. Another possible
reason is the fact that the Nairn model uses static parameterizations such as sediment
concentration and dry bulk density, while in reality these values are prone to change seasonally
and may be affected by weather events such as cold fronts or hurricanes, as well as variable
periods of high discharge from the Atchafalaya River (Allison et al., 2000; Rotondo and Bentley,
2003); especially considering the fact that the Mississippi/Atchafalaya River system had at least
one flood event in 2011. For example, Hurricane Rita in 2005 passed near PC dredge pit and
may have been responsible for the high rate of initial sediment deposition in the first 3 years of
the pit’s existence by resuspending sediment from the nearby continental shelf to be deposited in
the pit, as evidenced by the higher shear stress and greater seabed erosion/deposition that is
predicted to have occurred (Xu, et al., 2016, Allison et al., 2005; Rotondo and Bentley, 2003).
Lastly, the Nairn model assumes that some material will be derived from collapses of the pit
walls, and it may overestimate the amount of material that is drawn from this source since the
walls remain relatively stable. The Nairn infilling model is listed below (Nairn et al. 2005, 2011):
3

𝐶0 𝜔𝑠 𝑇
ℎ0
∆𝑍𝑝 = 𝑘1
[1 − ( ) ]
𝜌𝑑𝑟𝑦
ℎ𝑝
where ∆𝑍𝑝 is the total siltation thickness per tide, 𝐶0 is background concentration of sediment
outside of the pit, 𝑘1 is an empirical coefficient, 𝜔𝑠 is settling velocity of mud, T is tidal period,
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𝜌𝑑𝑟𝑦 is dry bulk density, ℎ0 is water depth above the natural seabed outside the dredged area, and
ℎ𝑝 is the water depth inside the dredged area.
It is difficult to compare the infilling of PC with other dredge pits (Bokuniewicz et al.,
1986; Byrnes et al., 2004a; Byrnes et al., 2004b; Cialone and Stauble, 1998; Ribberink et al.,
2005) due to the specific nature of infilling characteristics at the PC dredge site. Models
constructed for specific areas can vary widely in the prediction of infilling time. Obelcz (2017)
demonstrated that there is little correlation between dredged volume and infilling time among
various dredge pits. What is more important is the proximity to sediment source as a determining
factor. Comparisons between nearby sites can be made, however, with studies of nearby MCDPs
showing that accretion occurs rapidly initially, matched by the volumetric changes of PC
(Obelcz, 2017; O’Connor, 2017).
4.2 Infilling Material: Since no cores were taken during the survey, so as to not risk
puncturing a recently built pipeline, no data of grain size, radionuclide measurements or
geotechnical sediment properties were available. This means that no reference can be used for
groundtruthing of backscatter measurements or seismic profiles, so information about infill
material can only be inferred from historical data or past diving operations at the study site.
Information collected before dredging shows that grain size on the Inner Continental Shelf of
southwest LA is mainly silt, with a range from 3-8 phi, occasionally interspersed with clays and
medium sands (Nairn, 2005). Since most of the material discharged by the Atchafalaya River
system that makes it onto the continental shelf is fine grained (Rotondo and Bentley, 2003;
Kineke et al., 2006; Denommee et al., 2016) it stands to reason that most of the material being
deposited in the pit is fine as well, as the source for pit infilling material is mainly due to
resuspended Continental Shelf sediment. The sidescan data corroborates this since fine-grained
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material generally has low backscatter reflectance and absorbs much of the sound signal. Based
on these facts, it is most likely that the material filling the pit is mud. Additionally, it is possible
that there is gas produced from the decomposition of organic material, which is deposited in the
pit. Sandy Point, an MCDP west of the Mississippi River Delta, has been shown to have higher
(9.2% organic matter inside the pit, compared to 5.5% outside) organic content (Jiaze Wang,
unpublished data) than the surrounding seafloor, which is carried in the water column and settles
out along with newly deposited material, residing in the dredged area. It is unlikely that such
gaseous content would be caused by methane deposits, as the original depth of construction of
the pit was far too shallow to reach any locations suitable for methane storage (Kvenvolden,
1993). However, studies have shown that fluid mud flows coincide with high amounts of
biogenicly sourced methane in surficial sediments (Denommee et al., 2017), and it has been
shown that methane is readily produced in shallow surficial sediments due to methanogens
(Nyman, 1999; Rietl et al., 2017), which would give credence to the presence of biologically
derived methane within the newly deposited sediment.
As previous studies have shown (Rotondo and Bentley, 2003; Kineke et al., 2006;
Jaramillo et al., 2009; Sheremet et al., 2011; Denommee et al., 2016), the western LA Inner
Continental Shelf has frequent reworking of surficial sediment deposits, as they are liquefied and
transported as fluid mud flows by currents, waves, cold fronts, and hurricanes. Hypothetically,
although PC dredge pit is ~100km from the mouth of Vermilion Bay, it still most likely receives
sediment from fluid mud flows along the seafloor as its main source of sediment, with deposition
being episodic and coinciding with tropical cyclones and cold front passage. During quiescent
periods there is likely much less deposition within the pit.
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The pit surface in 2016 is characterized by rough, uneven pockmarks, which form small
mounds across surface of the former dredge pit. Using Arc-chord Ratio (Du Preez, 2015) to
determine surface roughness values of the 2016 DEM, it can be demonstrated that the surface
over the former pit is rougher as well as much more variable than the seafloor surrounding the
construction area (Fig. 4.1). The sampling for ACR values is described in Appendix section A.4.
Sampling locations are shown in Fig. A.5.

Figure 4.1: Arc-Chord Ratio (ACR) roughness values for the 2016 survey area. Higher roughness values inside the
pit are caused by pockmarked, rough features in the newly deposited sediment. Detailed methods are explained in
Section A.4 in Appendix.

The reason for the high variability in roughness of the pit surface can be contributed to
some of the same reasons for the low reflectivity values of the pit; namely, consolidation,
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dewatering processes, and gaseous discharge. Beginning with the latter, gas created by the
decomposition of trapped organic matter could produce bubbles which disrupt the sediment as
they escape upward. This is unlikely, however, as the organic content trapped within the
sediment would have to be drastically high to induce near metric sized disruptions of the
sediment. Organic content within similar dredge pits is only ~10% compared to outside the pit,
where it is 5% (Jiaze Wang, unpublished data). This probably is not enough to cause the large
lumps present in the former pit in 2016. More likely, it is probably caused by dewatering and
consolidation of newly deposited sediment. As sediment consolidates under the control of
gravity, water and air are forced out, leaving behind mounds where the sediment is
unconsolidated and depressions (relative to the pockmark surfaces) where the sediment has
settled more. This indicates that it is possible the newly deposited sediment is consolidating at
rates that differ spatially, perhaps due to the relict bathymetry from the unevenly dredged
surface.
Considering that the pit surface is rougher in the excavation area compared to the ambient
seafloor, this roughness coefficient may play a role in the pit being more efficient at trapping
sediment. Rough surface features should hypothetically decrease current velocity, making it
easier for material to settle around the pockmarks at PC dredge pit. This could aid the pit in
collecting sediment to fill in the depressed areas caused by fluid expulsion. This is noteworthy
because it could indicate that even after infilling, due to rough surface features, the pit is still
behaving as a sediment trap.
Since it is likely the pockmarked surfaces are formed in part by fluid expulsion due to
consolidation, it is possible to estimate volumes of fluid being expelled from the pit surface.
Take for example the time period between 2006 and 2016, which represents the newest layer of
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sediment within the pit. The void volume within the pit area in 2006 was 727,218m3. As
sediment slowly begins to settle into the pit, a porosity value of 90% can be assigned (90% fluid
volume, 10% sediment volume). This means that there is 72,718m3 of sediment and 654,464m3
of fluid within the pit. Over time, as porosity decreases to 60% (Wells and Kemp, 1981),
sediment volume changes to 290,873m3 and fluid volume changes to 436,309m3. To calculate
the amount of fluid expelled, we subtract the fluid volumes of each time period, which results in
a change in fluid volume of 218,154m3, which is ~30% of the total pit volume from 2006-2016.
Assuming that deposition continues and porosity continues to decrease, this could lead to even
more dewatering occurring, which could readily account for the formation of many surface
mounds observed in 2016. Uncertainty values of these measurements can be obtained from Table
3.2. Nairn (2007) observed in diving observations that the pit surface had formed a hard crust,
strong enough for divers to stand on without collapsing. If this is the case, then it would
exacerbate this phenomenon of fluid expulsion by allowing deposited sediment to behave as
discrete packets, each with different geotechnical properties, allowing one layer of sediment to
become somewhat consolidated before another layer was deposited. This is in contrast to
deposition being a continuous phenomenon, with a regular down-core gradient in consolidation,
and is supported by density data taken at other dredge pits showing a distinct turnover point at
which the density values of the sediment drastically increase (O’Connor, 2017)
The possibility that the deposited material is still consolidating and reaching equilibrium
with the seafloor would signify that even after complete infilling, time is still required before the
pit can be indistinguishable from the seafloor. It is still unknown whether or not an unstable
surface on a filled in pit would have any effect on oil infrastructure. However, the fact that a
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pipeline was built through the pit could be indication of a private company’s negligence when it
comes to constructing in a potentially hazardous area.
4.3 Pit Wall Stability: One of the main study focuses, and arguably the most relevant to
policymaking, is regarding whether and how much MCDP walls migrate outward. As evidenced
by multiple datasets (sidescan, DEMs, gradient, and DOD), the pit walls appear to remain in
place laterally as the pit fills in. Current setback regulations for construction of pipelines require
that nothing be constructed within ~300 m of a dredged area so as not to risk landslides caused
by the collapse of a wall. In general, a minimum of 1 m thick of sediment overburden is needed
for all oil and gas pipelines in northern Gulf of Mexico. When exposed on sea floor or suspended
in water column, these pipelines are not in a safe condition because of tide and wave movement
and frequent trawling activities. It is well known that oil infrastructure is expensive and can
wreak havoc on the environment if damaged. The 300 m setback buffer distance, however, is
mainly used for mobile sandy dredge pits, which experience rapid wall slumping due to the noncohesive nature of coarse material and angle of repose. Since MCDPs have an old and stable
muddy cap covering them, this cohesive material most likely helps the pit walls to retain their
morphological shape. The muddy overburden sticks together and prevents significant slumping
from occurring. The outermost extent of the wall (slope values which are slightly higher than
those of the flat seafloor), when viewed over time, never strays too far from any point; the
maximum lateral movement of the pit wall is no more than 20 m (Fig. 4.2).
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Figure 4.2: Map showing pit margins of Peveto Channel from 2003-2006. The colored outline encompasses the
entirety of the wall slope, and thus captures the pit from the outside edge to the inside of the pit. Red, blue and green
zones are slopes greater than 16, 7 and 3 degrees in 2003, 2004 and 2006, respectively. 0%, 40%, and 70%
transparency of colors are used for 2003, 2004, and 2006, respectively. Minute amounts of lateral migration can be
seen each year, showing that the pit walls move outward very little.

In order to quantify slope movement, peak slope values at 10 wall-perpendicular transects
(Fig. A.5.) on both the eastern and western walls were measured, and their statistics were used to
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calculate slope movement. As stated before, this is a proxy for slope migration and an
underestimate at most, but is still valuable in providing a quantitative measure.
Using peak slope along the wall as a proxy for movement of the entire wall, we can
measure how much the wall moves using statistical sampling. Table 4.1 shows the mean values
of wall movement at 10 transects on both the eastern and western walls. The sampling method
for slope movement is described in Appendix section A.4. Slope uncertainty is included in Table
A.2.

Table 4.1: Average pit wall movement calculations. A total of 10 transects were taken from the eastern and western
pit walls in the years 2003, 2004, and 2006, respectively. The peak slope was selected from each transect and used
to calculate the lateral movement of the peak slope between surveys. Net movement indicates that the pit walls
moved outward from the center of the pit, with the western wall experiencing more lateral movement. This is
possibly due to the prevailing longshore current exerting more of an influence on the western wall of the pit.
Western Pit Wall
Eastern Pit Wall
Year

Avg. Movement
(m)

Direction

Standard
Deviation (m)

Avg. Movement
(m)

Direction

Standard
Deviation (m)

2003-2004

1.68

East

6.70

8.21

East

11.95

2004-2006

9.76

West

11.55

4.97

West

10.79

2003-2006

8.08

West

9.56

3.24

East

8.43

Values from Table 4.1 show that the western wall moves outward (towards the west) and the
eastern wall moves outward (east), indicating an overall very slight widening of the pit, if even
only by <10m on each side. The large standard deviation values are due to high spatial variability
among the pit wall measurements, with some areas experiencing little movement while other
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areas experiencing up to 20 m of lateral migration. Still, this is much smaller than the 300 m
limit of buffer zone regulations currently being used. These measurements demonstrate that
MCDPs remain stable over 13 years and are not prone to much wall failures, due to the stable
and cohesive mud cap providing stability and protection from mass wasting along the pit walls.
4.4 “Footprint” of Relict Bathymetry: A noticeable feature of the filled in
surface from 2016 is the fact that positive relief features are visible over areas of the pit that were
not dredged very deep (Fig. 4.3). This may be due to differential consolidation over shallower
areas of the pit, since deposition is most likely different over these areas as well. An uneven
initial surface will eventually equilibrate to itself, and then the seafloor in general, as evidenced
by the infilling trends at PC. Fig. 4.3 shows how the newly deposited surface matches the small
“peninsulas and islands”. This shows that the initial depths of the surface after dredging have a
“footprint effect” on later sediment deposition, altering the properties of material that is
deposited after dredging. Thus, the relict bathymetry can be observed even in newer surfaces.
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Figure 4.3: Overlay of bathymetry from 2003 and 2016 illustrating the “footprint effect”. Different color bars were
used to allow the visualization of each layer on top of each other. The “horseshoe” feature present on the 2016
bathymetry formed over areas of high relief from the original dredging, which gives evidence to the fact that they
are caused by the relict bathymetry from 2003. Colored outlines of the pit also illustrate how the pit wall was
retained over time.

4.5 Shelf Sediment Transport: Using volume calculations derived from Cut/Fill
analysis, it is possible to calculate average sediment transport rates between each survey using
the method of O’Connor (2017). This is done by taking the volume and multiplying by dry bulk
density (450kg/m3 was used, derived from Nairn (2005)). This provides us with a value for the
metric tons deposited between each survey. This value can be divided by the days since the last
survey, and then divided by the length or width of the pit, to provide an under and overestimate
of sediment transport based on transport being in the cross-shore or long-shore direction. This
value can then be converted to grams/meter/second.
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Applying the calculations to volume estimates gives us transport rates from time of
dredging and at each survey. Values are as follows:


2003-2004: 9.91-12.73 g/m/s



2004-2006: 8.95-11.49 g/m/s



2006-2016: 1.92-2.46 g/m/s
Transport rates for Sandy Point and Raccoon Island (MCDPs located further east

on the Louisiana coastline) 2-3 years after dredging were 4.63-10.07 g/m/s and 6.37-8.45 g/m/s
(O’Connor, 2017). This means that despite proximity to the Mississippi River, these sites are not
receiving as much sediment as PC dredge pit. Additionally, transport rates decrease, which is in
line with the decrease in infilling rate and accretion rate. This is due to the accommodation space
being diminished by infilling. As the pit infills and the accommodation space disappears,
sediment bypasses the area and continues being transported along the Continental Shelf. This
illustrates that even on the far western side of the Louisiana Chenier Plain, there is still a bulk of
sediment supply, but this sediment bypasses the region as there is nowhere for it to be deposited.
Kineke et al. (2006) observed the role of cold fronts in mobilizing fine grained
material along the Inner Continental Shelf near Vermilion Bay. They reported transport rates of
20-50 g/m/s, constrained mostly near the seabed. Even considering a comparison of our
underestimate from 2003-2004 to Kineke’s upper estimate of sediment transport, this indicates
that sediment transport at PC (~100km away from Kineke’s study site) was ~20% of the
transport observed at the inner shelf near the of the Atchafalaya River.
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4.6 Future Work: Although the surveys provide an excellent time lapse view of
MCDP evolution, one shortfall of the dataset is that there is plenty of information on the early
stages of pit evolution (7 surveys conducted from 2003-2007), yet little information on
intermediate and late stages. No data were collected between 2007 and 2016, meaning there is a
large data gap on the later stages of pit infilling. Thus, infilling rates and volume changes must
be inferred from a low temporal resolution dataset that encompasses 10 years. Additionally, the
rough and potentially unstable surface of the pit in 2016 indicates that future monitoring should
be performed continuously, with more follow-up surveys conducted at longer timespans to
measure changes in the pit surface after infilling. In addition to geophysical methods for this type
of monitoring, geotechnical tools such as cone penetrometers can be employed to measure the
consolidation of the sediment over time. This would give a better picture on how new sediment
equilibrates over time and will allow the estimates of the total time frame for which former
dredge pits can become nearly undistinguishable features from nearby sea flow.
One shortcoming of the survey was the lack of coring data. Radionuclide, grain
size, organic matter content, and dry bulk density of the sediment in the pit could allow for a
more accurate picture of sediment composition within the pit and could help predict sediment
transport rates along the far-western Chenier Plain, where sediment is much less abundant than
near the mouths of high-discharge rivers such as the Mississippi. Future surveys should include
coring to help create a more robust dataset which can be viewed in correlation with the
geophysical datasets that have been collected.
Due to the stability of the pit walls over time, the 300 m buffer zone is most likely
a conservative distance when dealing with MCDPs (this does not apply for sandy dredge pits).
However, it is better to play it safe in this situation. Nevertheless, MCDPs are unlikely to move
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more than 20 m outward at any location even taking into account strong weather conditions such
as hurricanes, since Hurricane Rita passed between the 2004 and 2006 surveys at PC and there
was still little pit wall movement. This indicates that the cohesive mud-cap is stable even in the
face of energetic meteorological and oceanographic conditions.
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Chapter 5: Conclusions
In this study we present the arguably largest and most comprehensive dataset
collected on MCDPs and help improve our knowledge on the behavior of MCDPs as they evolve
over time after dredging. In light of the findings of this thesis, there are several important
findings regarding the morphological changes of MCDPs.
1. Although spatially variable due to local conditions such as sediment supply, PC dredge
pit has filled in at a rate slower than predicted by original models. This is probably due to
the lack of autogenic sediment sourcing from wall failures, as well as decreased infilling
as accommodation space diminishes over time.
2. The infilling material is likely fine grained, thus makes MCDPs in Louisiana a nonreusable resource. The main sources of sediment are most likely from resuspended
sediment on continental shelf and large rivers such as the Atchafalaya.
3. Although there is a small amount of measurable slope migration, the walls of MCDPs are
fairly stable over time, with <20 m of lateral movement at any location within PC. This is
most likely representative of other MCDPs since they all have a cohesive mud-cap
protecting and stabilizing the margins of the pit.
4. Even after completely filling in, PC’s surface is still rough and uneven, indicating that
sediment is still consolidating and ergo the surface of the pit is unstable. This could have
implications for infrastructure safety and should be continuously monitored in the future.
5. Differences in the initial dredge pit depths have a footprint effect on later sediment
deposition, which indicates differential consolidation rates throughout the pit. These also
play a role in the creation of the pockmarked surface.
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6. Sediment transport rates, infilling rates, and vertical accretion at PC are higher than at
other MCDPs closer to the mouth of the Mississippi River. This suggests that fluid mud
flows are responsible for moving large amounts of sediment along the Continental Shelf
near the Chenier Plain, and a viable sediment trap (such as a dredge pit) is capable of
capturing this sediment.
As coastal regions such as Louisiana move forward and contend with the evergrowing threat of sea level rise, a firm grasp on the tools available to use is necessary to
maximize our chances at fending off an untimely loss of our vulnerable land areas. Utilizing
this new knowledge can hopefully lead to the utilization of more MCDPs in restoration
projects, and allow government funding to be saved and reinvested in other areas. From
geological and physical perspectives, MCDPs seem to be a long term solution that benefits
coastal protection and restoration.
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Appendix: Supplementary Materials
A.1. Magnetometry: Magnetometer data detected pipelines in and near the construction area of
Peveto Channel dredge pit. Fig. A.1 includes an interpolated map of the survey area.

Figure A.1: Magnetometer map of PC construction area. Units are in NanoTeslas. This map was created using a
differencing method, in which a “background” value is extracted from the ambient signal and then all deviations
from this are subtracted, resulting in local values that have been normalized to zero.
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The purpose of the magnetometer survey was to map the location of a recently installed
pipeline, and the comparison of the data with a database of pipeline locations from BOEM
concludes that the archived data is accurate and correlates highly with the survey results (Fig.
A.2)

Figure A.2: Overlay of magnetometric map with pipeline locations. Thick red lines are pipeline locations derived
from the BOEM database, available online (https://www.data.boem.gov/Main/Mapping.aspx). The blue polygon in
the middle is the outline of PC dredge pit.

All magnetometric data were processed using MagPick from Geometrics, using the manuals and
instruction available at www.geometrics.com.
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A.2. Historical Surveys: Previous survey data were used to create the DEMs used in analysis.
There were 7 in total of varying coverage between 2003-2007. Coverage of each map is
displayed in Fig. A.3. Table A.1 lists the information of each survey.

Table A.1: Information on previous surveys performed at PC. SBES refers to Single Beam Echo Sounder.

Survey

Operator

Sonar

GPS

Line Spacing

2003 Predredge

Weeks Marine,
Inc.

Unknown SBES

Unknown RTK

~90 m

2003
Poststripping

Weeks Marine,
Inc.

Unknown SBES

Unknown RTK

~15 m

2003 Postdredge
February

Weeks Marine,
Inc.

Unknown SBES

Unknown RTK

~15 m

2004 May

Weeks Marine,
Inc.

Unknown SBES

Unknown RTK

Irregular

2004 December

ERIS

Odom Mk.3
EchoTrac

Navcom
SF2040-G
Starfire GPS

~15 m

2006 June

ERIS

Odom Mk.3
EchoTrac

2007 March

ERIS

Odom Mk.3
EchoTrac

2016 June

LSU CSI

EdgeTech 4600

Navcom
SF2040-G
Starfire GPS
Navcom
SF2040-G
Starfire GPS
Hemisphere
DGPS

~30 m

Irregular
~24 m-40 m

Track lines varied from survey to survey, but the use of singlebeam surveys in the past
the line spacing provided enough data to have reasonable quality maps. The track lines from each
survey are displayed in Fig. A.3.
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Figure A.3: Track lines for all surveys: 2003 predredge, 2003 poststripping, 2003 postdredge, 2004 May, 2004
December, 2006, 2007, and 2016 (A, B, C, D, E, F, G, and H, respectively). Some surveys did not include full
coverage of the pit area so could not be used for bathymetric DEM construction.
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A.3. Map Resolution: Each DoD had a varying resolution, from 1-3m2. All of the historical
surveys were performed using single beam echosounders, which requires interpolation to fill in
the blank space. Resolutions for each of these DoDs was selected as a balance between high
resolution (which have more data points but create noisy data) and low resolution (which are
more accurate but have less data points) surveys. Although lower resolution DoDs do not create
false data points, they do decrease the quality of the data as shown in Fig. A.3. There is a direct
correlation between the peak values of slope on the transect and the resolution of each map.

Figure A.4: Peak values compared to map resolution. As map resolution is decreased, it is unable to resolve finer
datapoints and ultimately excludes them from being displayed, meaning that while no unreal data is inserted via
interpolation, real data is excluded.

A.4. Statistical Analysis
Slope: Slope migration was calculated by selecting 10 transects along both eastern and
western walls. The peak slope value (which represents the steepest part) was extrapolated and
used for statistical measurements. This was done for the 2003 postdredge, 2004, and 2006
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surveys. Transects used for each year were the same, thus it was possible to calculate the
distance that the peak slope moved between each survey (Fig. A.5). It should be noted that peak
slope is NOT the same as the outermost margin of the pit wall. Peak slope was chosen rather
than outermost pit margin because it is easy to identify in datasets and is a definite value much
higher than background noise, while the outermost extent of the pit is difficult to define because
it is sensitive to the selected cutoff threshold.

Figure A.5: Slope transects used for the calculation of slope migration. Each of these transects was used to
characterize the bulk statistics of the east and west pit walls for 2003, 2004, and 2006.
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Table A.2: Uncertainty values for each Slope DEM (Fig. 3.3). Uncertainty was calculated by using the method of
Tang et al., 2003. Uncertainty value for all DEMs were <0.3°.

Uncertainty (°)
2003 Predredge
0.23
2003 Poststrip
0.23
2003Postdredge
0.26
2004
0.26
2006
0.27
2016
0.19

Surface Roughness and Sidescan Sonar Analysis: Sampling for surface roughness
differences on the 2016 surface involved selecting ten 25 m2 squares from random locations
outside of the pit, and ten 25 m2 squares from inside the pit surface. Bulk statistics were
extracted from each of these environments and compared. A similar method was used for the
sidescan surface analysis, except there were 3 zones to be compared and 20 sample areas for
each zone. Sampling areas are shown in Figs. A.5 and A.6.
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Figure A.6: Sampling locations for the Arc-Chord Ratio (ACR) analysis. 10 sites were chosen inside the former pit
area and 10 outside, where the surface was smooth, totaling 20 sites. Each site was 25 m2. Bulk statistics for each
zone were used to calculate the ACR values.
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Figure A.7: Sampling locations for the sidescan zonal analysis of high, medium and low intensities. 20 sites were
chosen for each intensity zone, and each site was 25m2. These were used to calculate bulk statistics for each zone.
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